Background. Intussusception is a common gastrointestinal emergency in children and appears to have a somewhat different clinical spectrum in developing countries. Its etiology is still unclear, but a link to infective agents and viruses has been highlighted. This study aimed to assess the clinical spectrum and prevalence of intussusception in children from the diverse South African population.
etiological role for pathogenic agents in its pathogenesis [3] . In older children, intussusception occurs much less commonly but may result from an anatomic abnormality that forms a "lead point" or predisposing condition (eg, lymph node, lymphoma, intestinal polyp or tumor, Meckel's diverticulum) [3] .
A proposed link between viral infective causes and intussusception was highlighted by reports of a spatial and temporal increased risk of intussusception 3-14 days after initial vaccination with the rhesus reassortant rotavirus (RRV) vaccine [4] [5] [6] [7] [8] [9] . This association led to the withdrawal of this specific vaccine from the market [10] . Despite arguments that the reported risk with the RRV vaccine was significantly less than that reported [4, 11] , this specter has lingered over the development of new rotavirus vaccine candidates and resulted in the very large safety studies that aim to eliminate an associated risk of intussusception for the 2 new vaccines [12, 13] . The World Health Organization (WHO) examined the original trial data and, although no significant association was detected in these trials with 160,000 subjects, recommended that postmarketing surveillance for intussusception be required where rotavirus vaccines were introduced [14] . The most recent review of the safety data, generated by countries using the 2 vaccines licensed by the WHO Global Advisory Committee on Vaccine Safety, reported that there was no statistically significant evidence of vaccine-associated adverse events and that an intussusception risk of the order of magnitude of the RRV vaccine could be ruled out [15] . Nevertheless, WHO recommends that postmarketing surveillance be conducted in countries that introduce rotavirus vaccine.
South Africa recently made the decision to introduce rotavirus vaccine into the routine schedule for infants from the Expanded Program on Immunization, based on the high burden of disease [16] . Rotavirus has been well documented as an important cause of hospitalizations among young children in South Africa [17] . The viral infection in South Africa tends to occur in young infants (76% are infected at before 12 months of age) and show a strong seasonal pattern of disease with an autumn-winter peak [18] .
Intussusception in South Africa also occurs predominantly in this age group of young children, although it appears to occur more commonly in spring and summer than in winter, thus showing no temporal association with the rotavirus season [19, 20] . This phenomenon has been reported elsewhere, where natural infection with wild-type human rotaviruses has not been associated with intussusception [8, 19, 21] . Previous reports of intussusception in South African infants highlight the frequent delay in presentation, as well as differences in the age at presentation and a higher incidence of colocolic intussusception in older black patients [22] [23] [24] [25] . The aim of this study was to document the prevalence of intussusception in South Africa in 1998-2003, thus providing important background information with which to interpret rotavirus vaccine postmarketing surveillance as the vaccine is introduced in South Africa in 2009.
PATIENTS AND METHODS
Data were obtained from 9 participating pediatric referral units for intussusception representing 6 of the 9 provinces of South Africa during a 5-year period (1998) (1999) (2000) (2001) (2002) (2003) . Intussusception was anatomically classified into ileoileal, ileocolic, and colocolic types, and data on age, sex and ethnic group, clinical features, and possible causes were also analyzed. The anatomic pathology of the intussusception (as delineated by ultrasonography, contrast studies, or computed tomography or as defined at surgery) was recorded, as well as the anatomic pathological evaluation findings, the treatment, and the outcome.
Population data were obtained from the census statistics of the Central Statistical Services of South Africa [26] . The statistics for children !2 years of age were calculated province by province, correcting census data to allow for missing centers based on the respective municipal populations.
Statistical analysis. The statistical analysis was conducted using means, medians, and nonparametric tests for small numbers.
Ethical permission. This research project has been approved by the research committee at Stellenbosch University (reference no. N04/09/161) and was conducted according to the accepted ethical codes and guidelines, as outlined in the Declaration of Helsinki.
RESULTS
A total of 423 children (age, !14 years) were confirmed to have intussusception in 9 specialist units in South Africa (1998) (1999) (2000) (2001) (2002) (2003) . Intussusception occurred in all months of the year, with seasonal peaks in the late spring and summer months of the southern hemisphere ( Figure 1) . A further analysis of the monthly proportion of black African patients with intussusception failed to demonstrate a clear temporal relationship with the published incidence of rotavirus infection [18] (Figure 2 ).
The male-female ratio was 1.3:1, and the mean age at presentation was 12.14 months (range, 1-144 months). Ninetyone percent of chidlren (384) presented before their second birthday (78% between 3 and 18 months of age). Forty-seven children (11%) presented after 2 years of age. The mean duration of symptoms was 1.5 days, but a delayed presentation was common, with a median delay of 2.3 days. Of 423 patients with intussusception, 320 (76%) were of black African ethnic origin, 92 (22%) were of mixed ancestry or Indian ancestry, and only 10 (2%) were of white ancestry, in keeping with the South African population profile [26] .
The site of intussusception was ileocecal in 84% of patients, colocolic in 9%, and ileoileal in 7%. This anatomic pattern Graph showing seasonal variation in the incidence of intussusception in the black patient group (percentage of patients), compared with the total population of patients. Line graph demonstrates the lack of relationship with seasonal variation in rotavirus infection in black African patients in South Africa [18] . differed between ethnic groups, however; colocolic intussusception occurred in 9% overall but in 14% of black African patients. Intussusception also occurred at a significantly younger age in black African children ( ) (Table 1) .
The known predisposing factors, clinical features, and outcome are shown in Table 2 . Surgical intervention was required in 81% of the 304 patients with known results, involving resection of gangrenous bowel in 40%.The majority of patients were treated successfully, with only 9 deaths (2%) These patients all had intestinal necrosis or perforation and advanced intra-abdominal sepsis at admission.
Although a history of a febrile illness and minor episodes of diarrhea were common, severe diarrhea was recorded in only 9 patients, with a pathogen identified in the stool sample in only 1 (Shigella species) although other possible contributors were identified in another 4 (cytomegalovirus in 1, Candida species in 2, and mucormycosis in 1). Other associated pathologies were uncommon, occurred mainly in older children, and included Puetz-Jeghers polyps (2 children), other small bowel polyps (1) lymphadenopathy (3), adhesions (1), and intestinal malrotation (4) .
This study population comprises most of the large pediatric centers of South Africa and all specialist pediatric surgical units, which would receive referrals for intussusception. However, because only 6 of the 9 provinces were represented in this study, calculations of occurrence were based on the !2-year age group from those provinces ( , based on 2001 census n p 1,433,762 data [26] ); data were roughly corrected for missing centers based on the municipality figures for children !2 years old. Applying the number of patients !2 years of age with intussusception (384 patients) to the population of children !2 years old (final corrected population, 1,199,328 children) during the period under review would give an occurrence of 1 case of intussusception per 3123 population, or 32 cases of intussusception per 100,000 children per year.
DISCUSSION
Intussusception is one of the most common causes of intestinal obstruction in young children, particularly in those !2 years old. Although the etiology in this age group largely remains unknown, intussusception is believed by many to occur more commonly in developing countries, possibly owing the higher incidence of infection. Studies in Latin America and the United States indicate rates of intussusception of approximately 30-40 cases per 100,000 children, with slightly higher rates in Eu- rope [27] . In this study, a similar rate of 32 cases per 100,000 children was calculated, which is comparable to that observed in these regions and in other studies in Africa [28] . However, rates in Asia have consistently been reported to be significantly higher than in other regions [28] [29] [30] [31] . Intussusception is particularly frequent in China, where an annual incidence rate of 418.1 cases per 100,000 child-years has been reported in Suzhou in the !1-year age group [28] . Similar high rates were observed in Vietnam [32] . Thus, it is important to assess the background levels of intussusception in a country that is planning to introduce the rotavirus vaccine. The pathophysiology of intussusception is still incompletely understood, but the disease often follows an intestinal or respiratory viral infection. It is thought that an increase and swelling of the extensive lymphoid tissue in the intestinal wall then results in mechanical forces that cause invagination of the proximal into the distal bowel. More recently, significant distal ileal wall thickening and lymphadenopathy have been identified during acute rotavirus infection, suggesting a plausible mechanism by which rotavirus infection could lead to intussusception [33] . Nevertheless, most natural history reports have not observed a link with wild-type rotavirus infection [8, 19] , despite the reported association of the RRV vaccine with this condition.
In addition to infective causes, intussusception is also associated with Henoch-Schönlein purpura and other immunological conditions, suggesting a possible immunological role in its pathogenesis in younger children. The case for an immunological link is strengthened by a distinct peak incidence between 3 and 18 months of age, which may coincide the change from breast to cow's milk feeding (often a time for heightened allergic response).
In this study, many patients presented late in the course of illness (median delay, 2.3 days), possibly because of cultural and logistical factors concerning hospital visits. The common clinical features of rectal bleeding, vomiting, abdominal pain and colic, and a palpable abdominal mass were only present in ∼50% of cases. This scenario is not uncommon in developing countries, can lead to considerable diagnostic difficulties, and may contribute to the late presentation and high rate of operative reduction in many cases.
The incidence of associated pathology or a lead point was seen in only 2.1% of patients, in keeping with other locally available data (ie, 4.2% observed [34] ). Although ileocolic intussusception occurred in 84% of patients in this study, there was a higher incidence (9%) of colocolic intussusception than reported in other surveys [1, 3, 24] . Furthermore, the 14% of at University of Pretoria on January 25, 2011 jid.oxfordjournals.org Downloaded from colocolic intussusception observed in black African patients in this series is also higher than rates in other reports [24] . The explanation for this phenomenon is not clear, but it may be associated with intestinal infection. In older children, there is a more distinct association with coexisting pathology, such as lymphadenopathy, Meckel's diverticulum, and polyps, but this usually contributes !15% of the total number of cases [35, 36] . In the current study, only 3.7% of cases were associated with one of these conditions. Malrotation may also predispose to intussusception [37] and was present in 4 cases (1.6%) of the 225 case patients in this series (Table 1) . Less common associations include lymphoma, intestinal tumors, and intestinal parasites.
In this study, there was a relatively low overall rate of hydrostatic reduction of the intussusception (19% of cases where sufficient information was available) ( Table 2) . Forty percent of patients submitted to surgery underwent intestinal resection because of perforation, peritonitis, gangrenous bowel, or failure to reduce even at surgery. This reflects a much higher incidence of surgery and bowel resection than seen in some international settings [38, 39] but is more representative of what occurs in developing countries [35] . The finding may reflect the severity of disease in African patients; this may be partly due to late presentation, but a viral link may also play a part in making intussusception more resistant to nonoperative reduction [21] .
The ethnic mix of patients with intussusception in this sample approximates the population in South Africa and can be regarded as being largely representative, with intussusception occurring equally in all population groups. In rates similar to those in other international reports, 89% of patients in this study presented before the age of 2 years, and 78% were between 3 and 18 months of age. The mean age at presentation was 12 months, and only 11% of patients presented after 2 years of age. In contrast to other ethnic groups in South Africa, among whom a somewhat later age of presentation was encountered, black African patients presented at a mean of 9 months, a significant difference ( ). P ! .05 Finally, although we and other investigators [40, 41] have concluded that there is no confirmed correlation between the occurrence of intussusception and rotavirus infection, the question will be resolved only by a prospective study of the potential association. The question as to a potential risk of association with rotavirus vaccination also remains open, because intussusception also occurs with other vaccines (eg, diphtheria-pertussis-tetanus vaccine [42] and oral poliovirus vaccine [43, 44] ).
There are still gaps in our knowledge of intussusception with respect to its etiology and especially any mechanisms by which the rhesus RRV might cause it to occur. As the new rotavirus vaccines are introduced into the routine childhood immunization schedules, postlicensure surveillance for intussusception is indicated and may be instrumental in any further understanding of the epidemiology of this condition and further assessment of the safety of future vaccines [15] . This study provides some national South African data on intussusception occurrence and epidemiology in a country where rotavirus vaccine introduction is imminent and where postmarketing surveillance is required.
